This paper sheds light on the causal relationship between education and health outcomes. We combine three surveys (SHARE, HRS and ELSA) that include nationally representative samples of people aged 50 and over from thirteen OECD countries. We use variation in the timing of educational reforms across these countries as an instrument for education. Using IV-Probit models, we find causal evidence that more years of education lead to a lower probability of reporting poor health and lower prevalence for diabetes and hypertension. These effects are larger than those from the Probit, that do not control for the endogeneity of education. The relationship between education and cancer is positive in both Probit and IV-Probit models. The causal impacts of education on other chronic conditions as well as functional status are not established using IV-Probit models.
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Introduction
There is abundant evidence on the associations between education and health, whether health is measured by mortality, morbidity, or health behaviors. 3 International comparative studies have documented that the associations exist in multiple countries, although magnitudes might differ (Banks, et al. 2006; Andreyeva, et al. 2007; Mackenbach, et al. 2008; Avendano, et al. 2009; Michaud, et al. (forthcoming) ). If the association is causal, then the effect of education on health should be taken into account when forming education and health policies.
Education could improve health through at least the following channels: raising efficiency in health production (productive efficiency) (Grossman, 1972) , changing inputs in health production (allocative efficiency) (Grossman, 2005) , changing time preference (Fuchs, 1982) , changing behavioral patterns, e.g. smoking, obesity, preventive care (Huisman, et al. 2005; Mackenback, et al. 2008) ; and finally, gaining more resources, e.g., higher income, occupational status, better housing, better food, better quality of care, and living environment (i.e. Case and Deaton, 2005; Cutler, et al., 2008) .
Observational studies examining correlations between education and health cannot be interpreted causally because education might be endogenous. First, earlier health endowments could affect both education and health in later life. Second, an unobserved variable, like time preference, genetic factors, family background, could affect both education and health. An array of studies have examined the causal relationship between education and health in specific countries. Most of these employed institutional changes as instruments for education.
One study applied quarter of birth and family background as instruments for education in US and analyzed the first wave of the Health and Retirement Study (HRS) (Adams, 2002) . The study found a positive effect of education on self-reported health status (SRH hereafter) and functional status in both OLS and IV estimates. Lleras-Muney (2005) explored state-variation in compulsory education laws from 1915 to 1939 in the US as instruments for education. She found each additional year of education lowers the probability of dying in the next 10 years by as much as 3.6 percentage points. This result was much larger than that obtained using OLS methods, but the two estimates were not statistically different.
Using nationwide compulsory schooling law changes as instruments for education, Oreopoulos (2006) found a statistically significant relationship between education and SRH in UK and negative effect of education on physical and mental disability in the US. Using UK data, Silles (2009) found increased schooling cause more self-reported good healthand lower probabilities of long-term illness, activity-limiting experience, and work-preventing experience. Jürges, et al. (2009) studied the causal link of education and health using two nationwide changes in minimum school leaving age in Britain as exogenous variation for education. The health outcomes include SRH and two biomarkers, blood fibrinogen and blood C-reactive protein.
No causal effects between education and the two biomarkers were found Further, the effect of education on SRH was positively significant only among the cohorts of older women, whereas it was negative among cohorts younger of women and insignificant among men regardless of age. Exploring both the 1947 and 1972 changes to British compulsory schooling laws and using regression discontinuity methods, Clark and Royer (2010) found little evidence that additional schooling improved health outcomes or changed health behaviors.
Using a French longitudinal dataset, Albouy and Lequien (2009) applied two increases on minimum school age in France as instruments for education. They failed to find a statistically significant causal effect of education on mortality. Employing Danish school reforms as instrumental variable for education in a Danish panel dataset, Arendt (2005) found that the IV estimates of education on SRH and body mass index (BMI) were statistically insignificant and not statistically different from those estimated using OLS. Finally, Kemptner, et al. (2010) applied state variations in the timing of introducing a 9th grade as instruments for years of schooling. Using microcensus data from West Germany, they found that more years of schooling had a negative causal effect on long-term illness, work disability and obesity among men but not among women. The smoking behavior was not causally affected by education in either gender.
Studies examining the causality between education and health within a specific country have generated different results. It remains an open question and requires further investigation.
Focusing on mature and elderly populations across different countries, our goal is to shed further light on the causal effect of education on health. We use three data sets across different countries. Objective measures included in all surveys were the same set of doctor-diagnosed disease questions on cancer, diabetes, hypertension, heart disease, stroke, lung disease, arthritis, and psychological illness 6 . We created a binary variable "any chronic" when individuals report having any of these chronic conditions. We also analyzed these variables one by one.
Our main independent variable is "years of education". In HRS, respondents were asked about the highest grade of school or year of college completed. In ELSA, the question is age finished full-time education. We converted the values into years of education by subtracting the age when the respondent left school by the usual school start age of five. In the second wave of SHARE, the respondents were asked directly about years of full-time education.
Other demographic variables include gender and age. For checking the robustness of our results, we also consider employment status, marital status, and household size. Table 1 presents summary statistics of the data in more detail. We report the number of observations, the mean responses and standard deviations, and the minimum and maximum values. 32% of the sample reported poor health, and 72% of the sample had one or more diagnosed chronic conditions. The prevalence for specific health conditions range from 5% for stroke and 42% for hypertension. For functional status, 14% reported having one or more ADL limitations, while 11% reported having one or more IADL limitations. Our key independent variable "years of education" ranges from no education to 25 years of education with a mean of 6 The measure of "psychiatric illness" in SHARE is different from those in HRS and ELSA. In HRS and ELSA there is a question of "Have you ever had or has a doctor ever told you that you had any emotional, nervous, or psychiatric problems?" In SHARE the closest measure is from the question of "Has there been a time or times in your life when you suffered from symptoms of depression which lasted at least two weeks?
Descriptive Statistics
11.13 years with a standard deviation of 3.91. The average age of the sample is 66 years old ranging from 50 years to 104 years. 46% of respondents are male.
Insert Table 1 2.1.2. Health and Education Table 2 shows the unadjusted prevalence of health outcomes by education and by country. For ease of presentation, we recode years of education into three categories -tertiary, secondary, and primary or less-based on educational system in each country. "tertiary" indicates the category with the highest level of education, while "primary" indicates the category with the lowest level of education. In the first column, we list the percentage reporting "poor health". In all countries, there is a clear gradient for the relationship between education and poor health, with those in the highest level of education reporting better health than those in the middle category, and these report better health than those in the lowest category. The second column shows the percentage of people with any chronic condition. Americans report higher levels of chronic disease than Europeans. England, Germany, Spain, Italy, France, Denmark, and Belgium report higher levels of chronic disease than the other European countries. Countries with larger gradients in reporting conditions by education are the U.S., England, Greece, Italy, Austria, Spain and Germany. In columns 5 to 12, we show the prevalence of specific health conditions. The three most prevalent conditions are hypertension, arthritis and heart disease. Americans, English and Danish report higher percentages of cancer, arthritis and lung disease than other countries in each education category. Americans report higher percentages of diabetes in each educational category than the rest of the countries. For hypertension, arthritis, heart disease, lung disease and stroke, loweducated reported higher percentages than high-educated in every country. For diabetes, the percentages are higher in low-educated relative to high-educated in twelve out of the thirteen countries, with the exception of Switzerland, in which the low-educated have a prevalence of 6.3 percent while the high-educated have a prevalence of 6.8 percent. For cancer, the prevalence is higher in high-educated, relative to that in low-educated, for nine out of the thirteen countries.
Finally, the patterns of self-reported psychiatric illness by education differ by country. In England, Sweden, France, Denmark and Switzerland, the higher-educated individuals report more psychiatric illness than the rest of the countries where the proportions are closer between different levels of education.
Columns 3 and 4 show the percentages of people with difficulties for I(ADLs). All countries present very high proportions of low-educated individuals with I(ADLs) difficulties compared to the middle-educated and high-educated ones. In particular, these differences are larger in England, the U.S. and Denmark. We are aware that self-reported health could be subject to different measurement errors (see Jürges, H., 2007) . In our empirical analysis later, we will deal with this by controlling for country specific effects, and cluster the standard errors at the birth year -country level.
Insert Table 2   Table 3 shows the correlations between health and years of education without adjustment for other variables. Our results are in line with the literature. There is a negative correlation between health and years of education. All the correlation coefficients are statistically significant at the 5% level. The more educated are less likely to report poor health, any chronic condition, or any ADL or IADL limitations. One exception is the positive correlation of having cancer with education.
At least one previous study also found the positive association between education and cancer (Cutler, et al. 2008) . Possible explanations are that more educated people are likelier to visit the doctors and are diagnosed earlier, survive longer, or have specific risk factors related to years of education, like late childbearing among women. The correlation between self-reported health and years of education is stronger than the relationships between education and other outcomes.
Insert Table 3 2
.2. Compulsory schooling laws and Education
To examine the causal relationship between education and health, we use the cross-country variation in compulsory schooling laws over time as instruments for years of education. Our hypothesis is that different compulsory schooling laws can affect education differently across birth cohorts and across countries in an exogenous way, given that the laws can change by time within the country and we are not able to define a beginning date for a nationwide reform in compulsory schooling law. Table 4 reports the average years of education by country, for those aged 50 and over using our sample. The table also shows the years of compulsory attendance required before and after compulsory schooling law changes for each country, as well as the first birth cohort that were subject to compulsory schooling law changes. The average years of education for aged 50
and over are lowest in Spain (7.38 years), and highest in Denmark (13.02 years).
Insert Table 4 Figure 1 shows the effects of compulsory schooling law changes on education, for each of the eight countries with law changes between year 1905 and 1955. We show the average years of education for birth cohorts born 10 years before and up to 10 years after the first cohort affected by the reforms. For England, Denmark, Netherlands and Sweden, the reforms shifted average years of education upwards by approximately half a year. For the other four countries the effects are less obvious. Specifically, for Greece and Italy, only three birth cohorts in our sample were affected by law changes so the sample sizes are limited. As a whole there is evidence that schooling reforms increase years of education. We will confirm this relationship below.
Insert Figure 1
In Figure 2 , we draw the reduced-form relationship between compulsory schooling law changes and one of the health outcomes, i.e., "poor health". We pool the data from the eight countries with law changes and calculate the proportion reporting poor health by birth cohort, for individuals born 5 years before and after the first cohort affected by law changes, adjusting for gender, cohort and country. There is a sharp reduction in the proportion reporting poor health for the cohorts affected after the year of reform and the downward shift persists after that year.
Insert Figure 2 
Empirical Strategy
We first model the effect of education on different health outcomes using a Probit model. gender, birth cohort dummies for nine age groups, and country. Pooling the three data sets, we estimate the latent variable H j,i * for all health outcomes. For example, we estimate the probability that an individual is in "poor health" or the probability that an individual has any chronic disease using the following model:
where j ε is a random error that is normally distributed.
However, we know that the education can be endogenous. As mentioned in the introduction, different factors can drive this endogeneity, such as reverse causality or unobserved heterogeneity. This potential endogeneity can be addressed with an instrumental Probit model. The relationship between health and education can be estimated in a two-equation model, taking into account the possibility that education might be endogenous. The set of equations (2) is equivalent to the estimation (1) above. Equation (3) estimates the education variable taking into account the set of control variables, X i , as well as Z i , which is the minimum years of education required for a given individual and varies by country and birth cohort. (1) generates an unbiased estimation of j β . However, education might be endogenous. We therefore use an instrumental variable approach to estimate j β . The variable, Z i , minimum years of education required, is the instrument. Since we control for country and birth cohort in both stages of the model, the effect of Z i on Ed i is estimated after taking into account the country-and cohort-specific effects. For this instrument to be feasible and valid, it should be positively correlated with years of education.
In addition, Z i should not affect health outcomes other than through its effect on years of education. This cannot be directly tested as we only have one instrument 7 . However, it is a reasonable assumption if there were no co-occurrent factors that affected both compulsory schooling law changes and health. The use of compulsory school law changes from multiple countries reduces the possibility of such co-occurrence.
We first estimate a Probit model based on equation (1) for each health outcome. For the instrumental variable approach, we jointly estimate (2) and (3) 
Regression Results

Health and Education across countries
As we have shown in the previous sections there is much evidence in the literature about the strong correlation between health and education. We first estimate model (1) to replicate this evidence across countries and using HRS, ELSA and SHARE data sets. Main results are reported in Table 5 for different health outcomes. The table provides the marginal effects of years of education on health. The coefficients are all negative and significant at the 5% level, meaning that more education is associated with lower probability of having health problems. The only exception is cancer, for which the coefficient is positive and significant, as noted in the unadjusted results. For SRH, each additional year of schooling is associated with 2.8 percentage points reduction in reporting poor health. Each additional year of schooling is also associated with 1 percentage point reduction in having ADL or IADL limitations. As for chronic conditions, the marginal effects range from 1.2 percentage points reduction for arthritis, 0.8 percentage points reduction for diabetes, 0.2 percentage points reduction for stroke, and 0.2 percentage point increase in cancer. All models control for gender and birth cohort. In addition, country dummies are included in all specifications to account for institutions and cultural differences. The completed tables are available upon request to the authors.
Insert table 5 4.2. Causal Relationship between Health and Education
We next turn to instrumental variable estimation to examine the effects of education and health. Table 6 shows the first-and second-stage estimations for each of the binary health outcomes.
Marginal effects and robust standard errors are displayed.
The first-stage estimation is a linear regression of the individual's years of education against minimum years of education required by compulsory schooling laws, controlling for gender, birth cohort, and country. The estimate is statistically significant at the 5% level. The Fstatistic is about 27. Raising minimum years required of education by one year increased the average years of education by 0.35 years (around 4 months).
Insert table 6
The second-stage estimation is a Probit model of a health outcome against years of education, gender, birth cohort, and country. The results are mixed for the second-stage estimates.
For three of the twelve health outcomes, i.e., poor health, diabetes, and hypertension, the effect of education remains negative and statistically significant at the 5% level. For cancer, the effect of education is positive and statistically significant at the 10% level. The magnitudes of point estimates are much larger using IV estimation. For example, the marginal effect of education on the probability of reporting poor health increases from 2.8 percentage points to 5.3 percentage points, a non-negligible effect. The changes in estimates for the outcomes of cancer and diabetes are more dramatic. It is not uncommon that IV estimates are larger, probably due to heterogeneous treatment effects or measurement errors in reported years of education (Card 2001) . Exogeneity tests for self-reported poor health, cancer, diabetes and hypertension outcomes are all statistically significant at the 10% level, meaning that for these outcomes we can reject the null hypothesis that education is an exogenous variable.
For the other eight outcomes, the effects are no longer significant. However, exogeneity tests for those eight outcomes are insignificant, meaning there is no sufficient evidence to consider education as an endogenous variable in the analysis. Therefore, the Probit estimates might be consistent and more efficient.
Robustness
We have replicated our analysis with different specification for age, using age and age quadratic instead of birth cohort dummies. The results were robust. We have controlled for additional socioeconomic variables including employment status, marital status, and household size. The coefficients are a bit smaller in magnitude but qualitatively similar. In another set of regressions, we controlled for whether parents are alive at the interview in both the Probit and IV-Probit models. The rationale is that parent's survival reflects family background and genetic factors, which could be correlated with both education and health. The results for the Probit models are very similar. For IV-Probit models, the effect of education on hypertension was no longer statistically significant at 10% level, while other estimates were qualitatively unchanged.
Conclusion
This paper studies the causal relationship between health outcomes and education. We combine three surveys that include nationally representative samples of aged 50 and over from thirteen OECD countries. We use differences in educational reform across these countries as an instrument for education. We found that more years of education lead to lower probability of reporting poor health, lower prevalence for diabetes and hypertension. These effects are larger than the Probit estimates alone. The causal relationship between education and several other chronic conditions, i.e., heart disease, lung disease, stroke, arthritis, and psychiatric illness, is statistically insignificant but not different from Probit estimates. Both Probit and IV estimates show that more education leads to higher rates of cancer. Probit models show negative and significant associations between education and funcational status (ADL and IADL limitations) but IV-Probit models reveal no significant association. The relationship between education and reporting poor health is very robust and most likely to be causal. The relationship between education and diagnosed chronic conditions and functional status is more uncertain and requires further investigation. Difference between birth year and the birth year of the first birth cohort affected by schooling law change Psychiatric illness -0.2430** -0.0508** -0.1224** -0.1236** 0.0532** -0.0543** -0.0355** -0.0400** -0.0150** -0.0487** -0.0218** -0.0349** 
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